Phytophthora alni ssp. alni is an interspecific hybrid oomycete causing a large-scale decay of alders throughout Europe. In this study we developed a set of 10 microsatellite markers that shows promise for population studies and for studying hybridization events between the parental species of the hybrid. Moreover, the genotype and the ploidy of the different subspecies of P. alni might be inferred from the quantitative ratio of amplified genomespecific alleles. Nine primer pairs cross amplified with the related species Phytophthora cambivora and Phytophthora fragariae and yielded distinct alleles.
Phytophthora alni ssp. alni ( Paa ) is a recently described interspecific hybrid oomycete causing a lethal disease of alder throughout Europe (Brasier et al . 2004) . Two other taxa close to Paa are isolated from diseased alders or from soil beneath alders: Phytophthora alni ssp. uniformis ( Pau ) and Phytophthora alni ssp. multiformis ( Pam ). All three taxa are phylogenetically very close to Phytophthora cambivora ( Pc ) and Phytophthora fragariae ( Pf ) (Brasier et al . 1999) . Previously hypothesized to originate from genetic breakdown of Paa (Brasier et al . 1999) , Pam and Pau were actually suggested to represent distinct species and to have generated Paa through interspecific hybridization (Ioos et al . 2006 ). In addition, Brasier et al . (1999) reported that Paa was a near tetraploid species (4n + 2) in respect with the typical diploid (2n) status of the Phytophthora genus, and that Pam and Pau were aneuploid species with 2n + 4 to 2n + 7, and 2n + 2 chromosomes, respectively. However, Ioos et al . (2006) demonstrated that three divergent alleles for four unlinked single copy nuclear genes were observed within the Paa genome. Two of them matched the two alleles also found in Pam and the third one corresponded to the single allele found in Pau . As these results contrasted with the ploidy levels reported, and as little is known about the genetic polymorphism within Paa and the two other taxa, we isolated and characterized microsatellite loci in Paa . These codominant markers are especially useful to address questions relating to origin and genetic diversity of fungi (Weising et al . 1995) .
Microsatellite markers were isolated from Paa using enrichment libraries. DNA was extracted from Paa isolate PAA130 using DNeasy Plant Mini Kit (QIAGEN). Approximately 500 ng µ L − 1 DNA were recovered and used for the construction of five enrichment libraries using biotinylated oligoprobes [(AC) 13 , (AG) 13 , (ACG) 6 , (AAC) 6 and (AAG) 6 ] and streptavidin-coated magnetic beads, according to Dutech et al . (2000) . The libraries were cloned using a TOPO TA Cloning kit (Invitrogen). For each of the five enrichments, 288 clones were screened by colony blot following a protocol developed by Estoup et al . (1993) . A total of 172 positive clones were subsequently size-screened by polymerase chain reaction (PCR) using vector's primers and 43 clones with insert between 400 and 1000 bp were retained for sequencing. Eighteen primer pairs could be designed from the sequences, either manually or using primer 3 software (Rozen & Skaletski 2000) . The primer pairs were tested by PCR with a panel of 6 Paa , 4 Pam , 8 Pau , 2 Pc and 2 Pf isolates, from various geographical origins in Europe and displaying different mitotypes according to Ioos et al . (2006) (Table 1) . PCR conditions were optimized for each primer pair. PCR was conducted in a 20-µ L volume containing 15-20 ng of Table 2) for 30 s and 72 °c for 1 min; followed by 8 cycles at 94 °C for 30 s, 66-55 °C minus 0.5 °C per cycle for 30 s, and 72 °C for 1 min; 22 cycles at 94 °C for 30 s, 62-51 °C for 30 s, and 72 °C for 1 min; and a final elongation step at 65 °C for 30 min. All retained forward primers were labelled to allow size and dye multiplexing. Allele sizes were determined on a CEQ 8000 Genetic Analysis System (Beckman Coulter). Eight out of the 18 primer pairs tested yielded no polymorphism or unclear pattern and were therefore discarded. The remaining 10 primer pairs were tested by PCR on a larger collection of Paa, Pau, Pam, P. cambivora and P. fragariae isolates as well as with 23 other Phytophthora spp. (Table 1) . Except PA12-F/R that were specific to Paa and Pam but gave no size polymorphism, all the primers retained yielded an amplicon with Paa, Pau, Pam, Pc and Pf, confirming their close kinship. In Paa, the number of alleles for the nine polymorphic loci ranged from two to five indicating a low level of allelic variation, consistent with this hybrid species being of recent origin (Brasier et al. 2004; Ioos et al. 2006) . In addition, all the alleles observed in Paa were those encountered either in Pam or in Pau (Table 2) , strengthening the hypothesis that Pau and Pam may actually be the progenitors of Paa. Due to the uncertain nature of ploidy in these different taxa, expected heterozygosities and linkage disequilibria were not computed. However, depending on the locus, up to three or five different alleles were simultaneously observed in individual Pam and Paa isolates, respectively. In addition, genotyping of the PCR products obtained with the primer pairs PA3, PA6, PA8, PA11, PA14, PA23, PA30 and PA31 showed that for individual Paa and Pam isolates, the respective quantities of the different alleles (based on peak areas) were not always equal. The occurrence of unbalanced peak ratios suggests these species are polyploid (Christiansen 2006) . The genotype amplification patterns for these loci will be particularly useful to unravel the genotypes of Paa and Pam.
